HR 1217 is probably the best studied multiperiodic rapidly oscillating Ap star, which makes this star a test case for the seismic analysis of these complex stars. In this paper, we combine the observational data available for HR 1217 and use these data to constrain theoretical models appropriate for this star. In particular, we try to establish which unknown model parameters are the most relevant to reproduce the seismic data. We find that the interior chemical composition has more impact in the theoretical oscillation spectrum of HR 1217 than parameters related to the modelling of convection. Models with lower abundances of heavy elements and larger abundances of helium produce oscillation spectra that are closer to that observed. However, like Matthews et al., we show that it is difficult to find a plausible model that can reproduce the seismic observations of HR 1217, when the uncertainties in the observables are not taken into account, unless a complementary effect is added in order to account for a decrease in the expected large frequency separations.
I N T RO D U C T I O N
Rapidly oscillating Ap (roAp) stars are chemically peculiar magnetic stars which exhibit high-frequency oscillations. While some roAp stars pulsate at a unique frequency, many are multiperiodic, offering the opportunity of using asteroseismic techniques to learn about their interiors.
Present status of roAp stars
Besides the photometric and spectroscopic campaigns carried out with the aim of characterizing their pulsations, some multiperiodic roAp stars have been the subject of other observational campaigns in which properties such as their effective temperatures, absolute luminosities, surface chemical composition and magnetic fields have been studied. Stars like these are of particular interest, as the constraints that might be imposed on the physics of their interiors will be strengthened by the complementary data.
On the theoretical side, the building of reliable models of roAp stars still faces some severe problems. Among these are the diffusion in the upper layers, the treatment of convection and the presence of magnetic fields. As a result of the uncertainty in the treatment of these effects, some parameters that are essential to the building of reliable models are badly determined. In particular, the interior metal abundance, the efficiency of convection, the amount of overshooting E-mail: mjm@astro.up.pt and the structure of the atmosphere need to be better determined before we can safely rely on the models. A way in which we might learn about the physics of the interior of roAp stars, and, therefore, calibrate these parameters, is by studying their oscillations. With this aim, we have initiated a study of which the goal is to investigate what additional constraints might be imposed to the physics of the interior of roAp stars, from the study of their oscillations.
In order to carry out this work we need to investigate the dependence of the oscillations of a given roAp star on each of the parameters characterizing the different unknowns. These should be carried out for multiperiodic roAp stars for which good enough complementary data (in particular, effective temperature and luminosity) are available. Thus, in the present paper we have chosen to study the best known multiperiodic roAp star, namely HR 1217.
HR 1217
Like all roAp stars, HR 1217 is part of the coolest subgroup of the classical Ap stars (the SrCrEu). Pulsations were first found in HR 1217 by Kurtz (1982) in photometric data, and have later been confirmed in radial velocity data (Matthews et al. 1988) , and again in two large multisite photometric campaigns (Kurtz et al. 1989 . Six principal frequencies of oscillation were found in the first three studies referred, and one more was found in the last campaign. The second and fourth mode of oscillation are believed to be dipole modes (Kurtz et al. 1989) , while the third and fifth modes cannot be described by single spherical harmonics. Matthews et al. (1999) , but the error bars have been modified (see text). Also given is the surface abundance of heavy elements, estimated from the results of Ryabchikova et al. (1997) , while the large frequency separation was taken from Kurtz et al. (1989) .
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Besides the information concerning its oscillations, complementary data can be found concerning HR 1217 (see Table 1 ). Its parallax was measured by Hipparcos, from which different determinations were made of its luminosity. Some uncertainty is added in this process, as bolometric corrections of Ap stars are very hard to determine. Still, the values of the luminosity of HR 1217 found in the literature, derived from the parallax determined by Hipparcos, seem to agree, within the errors presented. Thus, for the purpose of this work we took for the luminosity of HR 1217 the value published by Matthews, Kurtz & Martinez (1999) , namely, L = 7.8 ± 0.7 L .
Effective temperatures are particularly hard to determine in Ap stars, and it is not unusual to find in the literature significantly different values of the latter for the same star. In the case of HR 1217, photometric determinations based on Moon & Dworetsky (1985) give an effective temperature of T eff = 7400 ± 100 K (Martinez 1993; Matthews et al. 1999) , while spectroscopic determinations give a smaller value of T eff = 7250 K (Ryabchikova et al. 1997) . Unfortunately, Ryabchikova et al. did not publish the uncertainty associated with their result. We therefore decided to use the value derived by Martinez (1993) , but, in order to take into account the spectroscopic result obtained by Ryabchikova et al. (1997) , we assume an uncertainty in the effective temperature of +100/−200 K.
The magnetic field of HR 1217 has also been the subject of many studies (Preston 1972; Mathys 1991; Bagnulo et al. 1995; Mathys & Hubrig 1997; Wade et al. 2000) . Assuming that the magnetic field has a dipolar structure, Bagnulo et al. (1995) predicted a polar strength of about 3.9 kG. Moreover, Ryabchikova et al. (1997) carried out spectroscopic observations of HR 1217 from which they made a detailed surface abundance analysis. Using their determination for the iron [Fe/H] ∼0.32 and assuming Y = 0.26 for the star and Z /X = 0.0245 for the Sun, we compute Z = 0.009 (see Section 4.1 for details).
The rotation of HR 1217 has been estimated to be v sin i = 18 km s −1 (Royer et al. 2002) .
A S T E RO S E I S M O L O G Y
The detection of oscillation modes in a star provides information on its internal structure. The simplest quantity that can be identified in the oscillation spectrum is a regular spacing corresponding to the separation between modes of same degree and consecutive orders. This quantity -the large frequency separation -is defined as
where ν n,l is the frequency of the eigenmode of degree l and order n. This separation is a function of frequency, however at higher frequencies this dependence is hardly noticeable and we can evaluate the large frequency separations at a fixed value of the frequency (Monteiro, Christensen-Dalsgaard & Thompson 2002) . Having in mind the observations available for HR 1217, we consider as a reference value for the large separation that given by
From asymptotic analysis, at high frequencies, this is expected to scale, to first order, with the sound speed travel time of the star (Tassoul 1980) 
Consequently, a given star changes its large separation along the main sequence mainly due to changes of its radius. Before we turn our attention to the effect of different model parameters on the oscillation spectra, we should discuss how closely the large separations produced with our linear, adiabatic oscillation code follow the homologous relation expressed by equation (3). With this aim, we have calculated the large frequency separations appropriate to models spanning the box of uncertainties, and imposed a homologous scaling of the form:
Table 2 lists the models we have considered, and the corresponding values of C ν . Despite the large differences in the modelling parameters that characterize them, the models produce scaled large frequency separations which follow quite closely the homologous relation (3), by giving the same proportionality 'constant' to within 0.5 per cent. Also, we should not forget that the asymptotic analysis leading to equation (3) assumes that the star has spherical symmetry, which is clearly not the case in roAp stars, and that the oscillations are fully adiabatic. The effect of the lack of spherical symmetry on the oscillation spectra, due to the presence of magnetic fields, rotation, or surface chemical inhomogeneities, as well as the effect of deviations from adiabacity, have been the subject of earlier studies (Dziembowski & Goode 1996; Balmforth et al. 2001; Bigot & Dziembowski 2002; Medupe, Christensen-Dalsgaard & Kurtz 2002) and are briefly discussed below.
The seismic data must be consistent with all other observables available for a star (Monteiro et al. 2002; Fernandes & Monteiro 2003) . Therefore, the data must also be consistent with the radius as derived from the measured luminosity and effective temperature. However, unlike the radius, there are several aspects of the structure of roAp stars that cannot be determined directly from the observations, and thus have to be described by parameters included in the modelling. These include the helium abundance Y, the abundance of heavy elements Z (see Section 4.1), the mixing length α, and the Table 2 . Determination of the validity of the homologous scaling (relative to the first model) for models spanning the observational error box in the HR diagram for HR 1217, as described by equation (4). For a perfect homologous scaling C ν would be a constant. amount of overshooting in the convective core α ov . In stars that do not belong to binary systems, such as HR 1217, the mass cannot be determined directly from the observational data either and, thus, must also be considered as an unknown. Clearly, there are different evolutionary tracks, corresponding to different combinations of the unknown parameters, that satisfy the star's luminosity and effective temperature. Accordingly we may write the radius derived from the observations as R ob ≡ R ob (M, Z , Y , α, α ov , etc.). Our goal is to combine the extra constraint provided by the observed large frequency separation to attempt to discriminate between some of these, equally valid, solutions.
S T E L L A R M O D E L S
The stellar models are computed using the 'Code d'evolution stellaire adaptative et modulaire' (CESAM; Morel 1997), version 3.0 running at the Coimbra Observatory.
We used the Livermore radiative opacities (Iglesias & Rogers 1996) complemented at low temperatures (T 10 000 K) by atomic and molecular opacity tables from Kurucz (1991) . The opacities were calculated with the solar mixture of Grevesse & Noels (1993) corresponding to a solar metallicity Z = 0.0175 (and Z /X = 0.0245).
Convection is described with the classical mixing length theory (Böhm-Vitense 1958) . In our models we consider α = 1.6, however, in the range of mass considered in this work the stellar evolutionary track is independent of the choice of α. The nuclear reaction rates are from Caughlan & Fowler (1988) . The equation of state is described by Eggleton, Faulkner & Flannery (1973) ; it is an equation of state where non-ideal effects are excluded, appropriated for stars with a mass higher than the solar value.
Stellar models with mass higher than 1.1 M show a permanent convective core. However, the value of the convective overshoot for stars with mass below 1.7 M stars is quite unknown, ranging from 0.00 to 0.25 (Ribas, Jordi & Giménez 2000) .
The atmosphere is represented by a grey T (τ , T eff ) law taking into account the Hopf approximation. The atmosphere of Ap stars may differ significantly from those of normal stars, due both to the peculiarities in the chemical composition and to the presence of magnetic fields. Having this in mind, Shibahashi & Saio (1985) have derived an alternative T-τ relation to model atmospheres of roAp stars, which is an analytical fit to a Kurucz model atmosphere. Moreover, in an attempt to model the effect of a possible chromosphere (for which there seems to be no observational evidence) Gautschy, Saio & Harzenmoser (1998) have made an ad hoc modification to the analytical T-τ relation derived by Shibahashi & Saio (1985) . In order to investigate the impact that different atmospheric models may have on asteroseismic studies of roAp stars, we also consider a model in which the T-τ relation is that suggested by Gautschy et al. (1998) .
With this input physics, but with a T (τ , T eff ) law where we use a detailed calculation for the Sun using the Kurucz ATLAS9 (Morel et al. 1994) , the solar luminosity and radius are obtained at the solar age of 4.6 Gyr (Bahcall, Pinsonneault & Wasserburg 1995; Dziembowski et al. 1999) ; with an initial helium abundance Y = 0.275, and a mixing length parameter for convection α = 1.9.
U N C E RTA I N T I E S I N T H E M O D E L S
Even though the modelling parameters introduce uncertainties in the output models, not all these uncertainties propagate in the same To evolve the other models, all but one (see also Table 3 ) of the parameters characterizing the reference model were kept constant. Also shown is the observed effective temperature and luminosity (big star) for HR 1217, and the box of the corresponding uncertainties.
way into the oscillation spectra. Hence, the magnitudes of the effects that different unknowns have on the large separations of roAp stars should be compared before a more detailed investigation of the individual effects is performed. With this aim, we have evolved a reference model and, keeping all but one of the unknown parameters constant at each time, we have evolved new models and have compared them with the reference model. Table 3 describes the theoretical models used and Fig. 1 shows the corresponding evolutionary tracks. All models have a mass M = 1.5 M . From this figure it is clear that, at constant mass, the effect produced in the evolutionary tracks by a change in the abundance of heavy elements, Z, is much greater than the effect produced by a change in any of the other parameters. This means that models with different Z might only be reconciled with the same observed effective temperature and luminosity if their masses are significantly different. Thus, we expect that models with different sets of parameters (M, Z ), having the observed effective temperature and luminosity of HR 1217, will produce oscillation spectra that are more easily differentiated than those produced by models in which a different pair of parameters is changed. Consequently, in the next section we turn our attention to the dependence of the oscillation spectra of models appropriate to HR 1217 on the abundance of heavy elements, Z.
According to Fig. 1 , the helium abundance and the amount of overshooting in the core are expected to be the next most important unknown parameters when the effects on the oscillation spectra are concerned. Their influence on the oscillations is considered in Section 4.2.
Abundance of heavy elements in the interior
It might be of interest to start by justifying the need for considering the abundance of heavy elements as an unknown parameter. Ap stars have very stable atmospheres, in which diffusion processes are very efficient. As a consequence, the chemical composition in the interior of these stars is likely to be very different from that observed at their surfaces (Michaud 1970) . Introducing the correct treatment of diffusion in stellar models is particularly difficult when Ap stars are concerned, due to the presence of magnetic fields which strongly affect the diffusion process. Thus, even though surface chemical abundances might be available for some Ap stars, we might not easily deduce the interior chemical abundances from the latter. Moreover, although it is frequently assumed that nearby stars are solar metal type, Lebreton et al. (1999) have used Hipparcos parallaxes and metallicities derived from detailed spectroscopic analysis for F to K stars closer than 30 pc. Their results show that we can find in the solar neighbourhood stars ranging from [Fe/H] = −1.0 to [Fe/H] = 0.3. Because it is believed that in Population I stars a direct relation exists between the iron abundance and the heavy element abundance, we have estimated a value for the abundance of heavy elements Z based on the surface iron abundance and we have used it as a starting point for our investigation.
In Fig. 2 we show the evolutionary tracks of four models, each characterized by a different pair of parameters (M, Z ) as given in Table 4 . For each model, the interior metal abundance Z was fixed and the mass M was found by imposing that the corresponding evolutionary track crossed, at some point during the main sequence, the observed effective temperature and luminosity of HR 1217. From each of the evolutionary tracks shown in Fig. 2 we have chosen the model whose effective temperature and luminosity are the closest to the observed values for HR 1217. The oscillation spectra appropriate to each of these models was then calculated, by means of our linear, adiabatic oscillation code. Because the frequency of the oscillations observed in HR 1217 is larger than what would be expected from the acoustic cut-off of our theoretical models, we have introduced a surface boundary condition in the pulsation code which is fully reflective (Cunha 1999) . Possible implications of applying this boundary condition are discussed in Section 4.3.
Before presenting the results, we call attention to the fact that, as seen in Fig. 2 , the models considered occupy slightly different positions in the box of uncertainties for the observed luminosity and effective temperature. Thus, the differences found in the large frequency separation calculated for these models will be affected by the differences in their radii. However, our goal is to see the effect of changing Z at a fixed radius. Instead of producing evolutionary tracks that would pass exactly by the observed luminosity and effective temperature of HR 1217 -by changing very slightly the mass of the models -we may use the homologous relation (3) in order to correct the large frequency separations computed for the effect of the radii. Because the effect on the large frequency separations when correcting for the small change in the mass needed to obtain models with R = R ob is negligible when compared with the effect under study, we simply multiply the large separations computed with a model of radius R by (R/R ob ) 3/2 . The corrected large frequency separations for the four models under study are shown, as a function of frequency, in Fig. 3 . Moreover, the observed large separation, ν ob , obtained from the observations of Kurtz et al. (1989) , is also shown, together with its error bar.
From Fig. 3 we see that the large separations found in models with a lower abundance of heavy elements have values that are closer to that observed. However, the agreement between the observed and the model large frequency separations is only achieved for a value of Z which is too small to be plausible. For a model with a mass of M = 1.37 M , and an abundance of heavy elements of Z = 0.005, the large separations are still larger than the value observed. With the evolutionary code we find that a model with that mass would cross the luminosity and effective temperature of HR 1217 at the age of 1.8 Gyr. Clearly, this model is not a plausible solution as its value of Z is characteristic of stars in the limit between Populations I and II.
Helium abundance and core overshooting
We have argued in Section 4.1 that, among the unknown model parameters considered, the abundance of heavy elements is the one which is expected to have the largest impact on the theoretical oscillation spectra. Similarly, looking at Fig. 1 we find that the modelling parameters that are expected to have the largest influence on the oscillation spectra, after the abundance of heavy elements, are the helium abundance and the amount of core overshooting. In order to inspect how the effect of changing these parameters on the oscillation spectra of the models compares with the effect of changing the abundance of heavy elements, we have computed the evolutionary tracks for models with different values of helium abundance and core overshooting. The latter were chosen to cover the space of parameters that is usually considered acceptable (Ribas et al. 2000) .
As before, for each model we have only changed its mass and one of the parameters at a time, and have looked for the combination (M, p), where p is either Y or α ov , which ensures that the corresponding evolutionary tracks cross, at some point during the evolution of the stellar models, the observed luminosity and effective temperature of HR 1217.
The models considered are described in Table 5 and the corresponding evolutionary tracks are shown in Fig. 4 . Moreover, the large frequency separations for these models are shown in Fig. 5 . From this figure we see that changing the amount of overshooting, to a maximum reasonable value, does not have a significant effect. Changes of the helium abundance, on the other hand, have a more significant effect on the large separations. Larger helium abundances produce smaller separations that are closer to that observed in HR 1217.
However, as before, the large frequency separations produced by these models are always considerably larger than the observed value, and cannot be reconciled with the latter if the helium abundance and the amount of overshooting are kept within reasonable values. We note that this conclusion is true even if we change the three parameters, Z , Y and α ov , simultaneously. In fact, it is hard to believe that the abundance of heavy elements in the interior of HR 1217 will be smaller than the already small value observed at its surface. As the latter was the value used in the models with modified helium abundance and core overshooting, we could only increase Z, and thus produce models for which large separations would be even further apart from the value observed. Table 5 . Parameters characterizing the evolutionary sequences for stellar models with different helium abundances Y and for a model with a different value for the overshooting parameter α ov . The atmosphere has been calculated using either the Eddington approximation (Ed.) or the expression from Gautschy et al. (1998) (Ga.) . Large frequency separations at high frequencies for models calculated with different helium abundances and for a model using a different value for the overshooting parameter α ov (see Table 5 ). Also shown is the observed value, ν ob , of HR 1217.
Other effects
The presence of rotation and magnetic fields, the exact structure of the surface layers, the way in which modes are reflected, and the deviation from perfect adiabatic motion, are some of the effects that may also contribute to modify the oscillation spectra of roAp stars. The magnitude of these effects, however, is considerably harder to estimate. The effect of the magnetic field on the oscillations of roAp stars has been the subject of a few recent studies (Dziembowski & Goode 1996; Cunha 1999 Cunha , 2001 Bigot et al. 2000; Cunha & Gough 2000) . All of these studies estimate that the large separations of roAp stars are enlarged by the presence of a magnetic field by about 1-4 µHz. Although these studies always assumed a dipolar magnetic field, calculations of magnetic perturbations by Cunha (private communication) in the presence of quadrupolar magnetic fields and magnetic fields with a dipolar plus a quadrupolar component also predict that the large separations will be enlarged when compared with the nonmagnetic values. This means that models of HR 1217 that do not include its magnetic field should predict large separations smaller than that observed. Therefore, the presence of a magnetic field in this star underlines even more the discrepancy between the large separations predicted with stellar models and the large frequency separation observed.
The combined effect of rotation and magnetic field on the oscillations of roAp stars has recently been studied by Bigot & Dziembowski (2002) . They have called attention to the fact that, in these stars, as a result of the high frequency of the modes, the strongest effect of rotation is due to the centrifugal force, rather than to the Coriolis force. According to the authors, the effect of the centrifugal distortion might not be negligible for typical roAp stars, particularly concerning its influence on the geometry of pulsation. However, concerning the larger separations, in slow rotators such as roAp stars the effect of rotation is expected to be negligible.
Another issue that is far from being well understood in roAp stars is the process by which the waves are reflected near the surface. In fact, the oscillations observed in some of these stars and, in particular, in HR 1217, have frequencies that are often above the theoretical acoustic cut-off frequency. One aspect that has to be taken into account, when discussing the reflection of the waves at the surface of roAp stars, is the magneto-acoustic nature of the latter (Shibahashi & Saio 1985; Cunha 1998) .
Because in our theoretical models the oscillations are acoustic waves and the acoustic cut-off frequency is smaller than the frequency of the oscillations observed in HR 1217, we have forced the reflection of the waves, when these reach the surface of the star, by imposing a fully reflective boundary condition (e.g. Cunha 1999) at the surface, in the pulsation code. The boundary condition that we have applied forces all high-frequency oscillations to be reflected at the same depth. However, if the surface reflection of the oscillations in roAp stars is at all related to the magneto-acoustic nature of the waves, we might expect the reflection to take place at different depths, depending on the frequency of the modes. This, in turn, would affect the large separations. This fact strengthens the need for understanding the precise way in which the oscillations are reflected near the surface of roAp stars and advises for some caution in the interpretation of the results.
The structure of the outer layers of these stars is also clearly deficiently modelled. This deficiency can also influence the reflection of the waves near the surface. Some previous studies have discussed this problem (Shibahashi & Saio 1985; Audard et al. 1998; Gautschy et al. 1998 ) and stressed the fact that a possible way to increase the critical cut-off frequency of the models, and thus help reflecting the modes, is to have a steeper temperature gradient in the atmosphere. The surface chemical inhomogeneities (Shibahashi & Saio 1985; Gautschy et al. 1998) , and the possible suppression of convection by the magnetic field (Balmforth et al. 2001) , both contribute to steepen the temperature gradient in the surface layers of the models. However, considering only the effect of the temperature gradient, a temperature inversion at some height in the atmosphere seems to be needed to reflect the waves (Gautschy et al. 1998) .
Following the suggestion of Gautschy et al. (1998) we have calculated a model where a temperature inversion is present in order to estimate by how much the inferred large frequency separations change. This model is described in Table 5 as S τ and the corresponding large separations are shown in Fig. 6 . Even with the modified T-τ relation, modes with frequencies as high as those observed in HR 1217 were not naturally reflected in this model. Therefore, we still had to apply the fully reflecting boundary condition used before in the pulsation code, in order to reflect the modes of higher frequency. The differences found in the large separations plotted in Figure 6 . Large frequency differences for all models considered here. The separations have been scaled by the factor (R/R ob ) 3/2 in order to eliminate the discrepancy due to small differences in the radius of the models. Again, the value of ν ob for HR 1217 is shown. Only oscillation frequencies with degree l = 0 have been used. Fig. 6 are thus mainly the result of the differences in the surface structure of the two models.
Non-adiabatic effects may also influence the large separations. Because the oscillations observed in roAp stars have very high frequencies, their radial structure varies rapidly in the surface layers, where deviation from the adiabatic condition can become important. Unfortunately, the study of non-adiabatic effects in the surface layers of roAp stars is a rather complicated issue (Medupe et al. 2002) , and we do not know of any good quantitative estimation of the influence of these effects on the large separations. Nevertheless, these effects should be taken into account and investigated further in the future.
U N C E RTA I N T I E S I N T H E O B S E RVAT I O N S
So far we have not taken into account the uncertainties associated with the observed luminosity and effective temperature of HR 1217. In other words, we have forced the radii of our models to be exactly that derived from the observations. However, the uncertainties in the observed luminosity and effective temperature imply an uncertainty in the radius of the star and, in turn, a broader range of possible models and corresponding large separations. One way in which we may investigate the effect of the uncertainties in the observations on the consistency between what is observed and what is derived from the theoretical models is by computing pulsation spectra of models spanning the whole uncertainty box. Instead of doing this, we make use of the homologous relation expressed by equation (3) to define the asymptotic mass of the models (M ),
where M a is the asymptotic mass that the star would be expected to have if there were no uncertainties associated with the observations. In doing so, we assume the proportionality factor in the homologous scaling to be constant within the uncertainty box (cf. discussion in Section 2). The subscript 'ob' represents the observed values for HR 1217 (given in Table 1 ). Moreover, we use this homologous relation to define the limit asymptotic masses, M + a and M − a , corresponding, respectively, to the maximum and minimum asymptotic masses that Fig. 7 we show the ratio M /M a for each of the models studied in the present work. The limits allowed by the uncertainties associated with the observations adopted in Table 1 are shown by the shadowed region. If we are less conservative and allow the effective temperature to vary only between 7300 and 7500 -which would not include the value given by Ryabchikova et al. (1997) -models are consistent with the observations if placed within the region shadowed by squares. Fig. 6 shows the large frequency separations for all models studied in this work, scaled by the factor (R/R ob ) 3/2 . In all cases, the large separations are larger than that observed for HR 1217.
D I S C U S S I O N A N D C O N C L U S I O N S
We have found that changing the interior chemical composition of the star has more impact on the large frequency separations than changing modelling parameters connected to convection, such as the mixing length and the amount of overshooting. Models with smaller abundances of heavy elements and larger abundances of helium are those that best agree with the observations. However, if we assume that the radius of HR 1217 is that derived from the luminosity and effective temperature given in Table 1 , large frequency separations as small as those observed cannot be reproduced by any of our models for any reasonable values of the unknown parameters.
The large separations appropriate to the theoretical models studied can be reconciled with those observed if the uncertainties in the luminosity and the effective temperature of HR 1217 are taken into account. In fact, Fig. 7 shows that when the uncertainty box for the position of this star in the HR diagram is taken into account, all large separations produced with our models are consistent with the observed value. This fact emphasizes the need for improving the constraints on the luminosity and effective temperature of roAp stars, if asteroseismology is to be used as an effective tool to determine some of the parameters used when modelling a particular star.
As stressed before, there are other issues that need to be investigated further. In particular, progress is needed concerning our understanding of the reflection of high-frequency modes near the surface of these stars. If the height of reflection turns out to depend strongly on the frequency of the modes, the large separations will be affected. Moreover, we should bear in mind that all our calculations assumed that the oscillations are fully adiabatic. Thus, deviations from the adiabatic condition should also be investigated.
Nevertheless, we hope to be able to learn more about the unknown modelling parameters discussed above from the type of analysis carried out in the present work, if the latter is applied to different multiperiodic roAp stars. In fact, even though the uncertainties in the observations do not allow us to rule out any of our models for HR 1217, Matthews et al. (1999) have shown that a systematic difference exists between the large separations produced by theoretical models and the large separations observed in roAp stars. This systematic effect, also found here, is indicative of a systematic deficiency in the modelling. By extending this study to all known multiperiodic roAp stars we may, therefore, hope to advance the understanding of that deficiency.
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